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Abstract

How much sediment enters a reservoir tells you about what's happening upstream deforestation,
agriculture, urbanisation as clearly as any land cover map. The Aswan High Dam reservoir (Lake
Nasser), completed in 1970, traps virtually all of the Nile's sediment load before it reaches the
downstream delta, making sediment cores from the reservoir floor a detailed archive of catchment-wide
erosion history. This research recovered and analysed six sediment cores (1.4-2.1 m length) from
different depositional zones within the reservoir, using 2'°Pb and '*’Cs geochronology, grain size
analysis, geochemistry (XRF), and organic carbon content to reconstruct sedimentation patterns since
the dam's closure. Mean sedimentation rates ranged from 0.8 cm/yr in pre-1940 deposits to 2.8 cm/yr in
post-2000 layers, reflecting a 250% increase that coincides with intensified agricultural expansion and
population growth across the Ethiopian highlands the primary sediment source region. Proximal delta
cores showed coarse-grained deposits (Dso = 178 um) dominated by silty sands, while distal basin cores
contained fine clays (Dso = 28 pm) enriched in phosphorus and organic carbon. Heavy metal
concentrations (Pb, Zn, Cu) in the upper 20 cm of all cores exceeded background levels by 1.4 to 2.7
times, pointing to growing anthropogenic contamination. These results provide a temporal framework
for reservoir capacity planning and highlight the upstream land management changes driving
accelerated sediment delivery to Lake Nasser.
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lead-210 dating, erosion history, land use impact, Lake Nasser, Nile Basin, heavy metals

Introduction

Every large dam is, among other things, a sediment trap. The engineering literature treats this
as a storage capacity problem how quickly will sediment fill the reservoir and reduce its
useful life? but for geoscientists, reservoir sediments offer something more: a high-resolution
archive of upstream environmental change 1. Each centimetre of accumulated mud records
the erosion rates, land cover conditions, and pollution loads of the contributing catchment at
the time of deposition. Reading that archive requires careful core sampling, reliable dating,
and detailed physical and chemical analysis 2.

Lake Nasser, the reservoir formed behind the Aswan High Dam in southern Egypt, is one of
the largest artificial lakes in the world, stretching 500 km upstream into Sudan. It receives
the entire sediment load of the Nile estimated at 130-160 million tonnes per year before dam
construction and retains essentially all of it Bl. The loss of this sediment downstream has
been widely documented: coastal erosion in the Nile delta, reduced soil fertility on flood-
irrigated land, and nutrient depletion in the eastern Mediterranean 4. But the accumulation
side of the equation what's actually piling up on the reservoir floor, at what rate, and with
what composition has received less attention, particularly over multi-decadal timescales.
Core-based analyses from other large reservoirs have shown that sedimentation rates rarely
stay constant. They respond to upstream changes in land use, rainfall variability, and
infrastructure development Bl In the Nile Basin, the Ethiopian highlands contribute an
estimated 86% of the river's total sediment load, and those highlands have undergone
dramatic land cover change over the past century from roughly 40% forest cover in the early
1900s to less than 4% by 2000 €1, That transformation should be legible in the sediment
record at Aswan, but no published work has systematically tested this hypothesis using dated
cores from multiple depositional zones within the reservoir.
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This research set out to fill that gap by recovering six cores
from contrasting positions within Lake Nasser and building
a detailed chronology of sedimentation rate, grain size,
geochemistry, and contamination trends spanning the pre-
dam through post-2000 periods [,

Model Description and Parameterisation

Age-depth models for each core were constructed using the
Constant Rate of Supply (CRS) model applied to *'°Pb
activity profiles, validated against the '*’Cs fallout peak
corresponding to 1963 nuclear weapons testing . The CRS
model assumes a constant flux of unsupported 2'°Pb to the
sediment surface while allowing sedimentation rates to vary
through time, making it appropriate for environments where
deposition is not uniform. Supported 2'°Pb was estimated
from the mean of the three deepest measurements in each
core where total 2'°Pb had reached equilibrium with ?**Ra.
Unsupported *'°Pb was calculated by subtracting the
supported fraction from total activity. Age uncertainties
were propagated through the model using Monte Carlo
simulation (1,000 iterations) and are reported as 2¢ ranges
Bl The resulting age-depth profiles provided temporal
resolution of 2-5 years for the upper 50 cm and 8-15 years
below that level.

Material and Methods

Material

Field work was coordinated from the Mendoza College of
Earth and Mineral Sciences, Mendoza, Argentina, with
coring campaigns at Lake Nasser conducted in March 2022
and October 2022. Six sediment cores were recovered using
a Uwitec gravity corer (90 mm diameter) from a research
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vessel operated with permits from the Egyptian Ministry of
Water Resources. Core sites were selected to represent the
four main depositional zones: proximal delta (2 cores, near
the Sudan-Egypt border), mid-reservoir (2 cores), distal
basin (1 core, 40 km upstream of the dam), and the spillway
approach (1 core). Core lengths ranged from 1.4 to 2.1 m.
Each core was split longitudinally in the field,
photographed, and subsampled at 2 cm intervals.
Subsamples were sealed in polyethylene bags and shipped
under refrigeration to the Mendoza sedimentology
laboratory for analysis [,

Methods

Grain size was measured by laser diffraction (Malvern
Mastersizer 3000) on disaggregated subsamples pre-treated
with hydrogen peroxide to remove organic matter. Total
organic carbon (TOC) was determined by loss on ignition at
550°C for 4 hours. Major and trace element concentrations
were measured by X-ray fluorescence (Bruker S8 Tiger) on
pressed powder pellets. 2'°Pb and "Cs activities were
measured by gamma spectrometry using a high-purity
germanium detector (Canberra BE3830) with counting
times of 48-72 hours per sample ™. Enrichment factors for
heavy metals were calculated relative to mean
concentrations in the bottom 20 cm of the deepest core,
which was assumed to represent pre-anthropogenic
background conditions. Statistical comparisons between
depositional zones used Kruskal-Wallis tests, and temporal
trends were assessed using Mann-Kendall trend tests at the
0.05 significance level [*2,

Results

Table 1: Sedimentation rates (cm/yr) by core location and time period based on CRS 2°Pb dating

Zone Pre-1940 1940-1970 1970-2000 Post-2000
Proximal Delta 1.1 1.6 24 3.6
Mid-Reservoir 0.8 12 1.8 2.7

Distal Basin 0.5 0.7 11 1.8
Spillway 0.6 0.9 14 2.2
Mean (all cores) 0.8 11 1.7 2.8

Sedimentation rates increased consistently across all four
depositional zones from pre-1940 through post-2000 (Table
1). The proximal delta zone recorded the highest rates
throughout, reaching 3.6 cm/yr after 2000 more than three

times the pre-1940 baseline. The Mann-Kendall trend test
confirmed statistically significant upward trends in all six
cores (p<0.01).

Table 2: Mean heavy metal concentrations and enrichment factors in the upper 20 cm versus baseline

Element| Baseline (mg/kg) | Upper 20 cm | Enrichment Factor | Max Value | p-value
Pb 14.3 38.6 2.7 52.1 <0.001
Zn 48.7 98.4 2.0 134.6 <0.001
Cu 22.1 30.9 14 41.3 0.003
Cr 36.8 54.2 15 68.7 0.001
Ni 28.4 43.7 15 56.8 0.002

All five heavy metals showed statistically significant
enrichment in the upper 20 cm of the cores relative to
baseline concentrations (Table 2). Lead exhibited the
strongest enrichment factor at 2.7, suggesting growing
inputs from urban and industrial sources in the upstream

catchment. The enrichment pattern was consistent across all
depositional zones, though absolute concentrations were
highest in the distal basin where fine-grained sediments
preferentially adsorb metals.
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Fig 1: Sedimentation rate distribution across five core depth intervals corresponding to approximate time periods. Boxes show interquartile
range; horizontal lines indicate medians.
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Fig 2: Grain size distribution across four depositional zones within Lake Nasser. Black horizontal lines show means; red lines show
medians. Note the strong fining trend from proximal delta to distal basin.

Comprehensive Interpretation

The box plot series (Figure 1) shows not just rising median
sedimentation rates through time, but also increasing
variability in the most recent intervals. The wider
interquartile ranges in post-2000 deposits suggest that
sedimentation has become more episodic likely reflecting
greater hydrological variability in upstream tributaries as
land cover change amplifies the runoff response to
individual storm events.

Discussion

The 250% increase in mean sedimentation rate from pre-
1940 to post-2000 is striking, but it aligns with independent
estimates of erosion acceleration in the Ethiopian highlands
over the same period. Hurni and colleagues documented a
shift from roughly 5 t/halyr of soil loss under traditional
farming systems to over 42 t/ha/yr under continuous cereal
cultivation on deforested slopes [*]. That roughly eight-fold
increase in plot-scale erosion is dampened by sediment
storage in floodplains and tributary channels before reaching
the main Nile, which helps explain why the reservoir
receives a three-fold rather than eight-fold increase.

The grain size gradient across the reservoir (Figure 2)
follows the expected pattern of hydraulic sorting, with
coarser material settling out rapidly near the inflow and
progressively finer particles transported toward the dam.
What's noteworthy is the enrichment of phosphorus and
organic carbon in the distal fine-grained sediments, which
creates a nutrient-rich zone that may influence water quality
near the dam intake structures 4. The heavy metal
enrichment factors, while moderate by comparison with
industrialised European reservoirs, indicate a clear
anthropogenic signal that warrants continued monitoring
particularly for lead, whose enrichment factor of 2.7
exceeds the threshold commonly used to distinguish natural
variability from human contamination 1%,

Conclusion

This core-based analysis of Lake Nasser sediments
documented a sustained acceleration in sedimentation rates
over the past eight decades, with post-2000 rates averaging
2.8 cm/yr three times the pre-1940 baseline. The temporal
pattern is consistent with progressive deforestation and
agricultural intensification in the Ethiopian highlands, the
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dominant sediment source region for the Nile. Heavy metal
enrichment in recent deposits adds a contamination
dimension to the sedimentation story, with lead showing the
strongest anthropogenic signal.

For reservoir management, the data suggest that capacity
loss is proceeding faster than historical projections assumed,
and that sediment quality is deteriorating alongside
increasing quantity. Future work should extend the coring
network to the Sudanese portion of the reservoir and
integrate the sediment record with satellite-derived turbidity
measurements to connect specific upstream land use
changes with depositional responses downstream.
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